INTRODUCTION
A pre-embedding method of immunochemical staining is used if antigens are damaged by resin embedding, or if the best preservation of membranes is required. Applying immunogold reagents to sections of lightly fixed tissue, free of embedding medium, can be a very sensitive method of immunochemical staining. Cells or tissues are fixed as strongly as possible and then treated with a cryoprotectant, which is usually a mixture of sucrose and polyvinylpyrrolidone (PVP). They are frozen onto pins in liquid nitrogen and sectioned at approximately -100°C. The frozen sections are thaw-mounted on to Formvar/nickel film grids and the cryoprotectant is removed by floating the grids on drops of phosphate-buffered saline (PBS). The immunogold staining is performed on the unembedded sections, which are subsequently contrast counterstained and infiltrated with a mixture of methylcellulose and uranyl acetate. In this protocol, samples are sectioned at low temperature, thaw-mounted onto film grids, immunochemically stained, contrast counterstained, and embedded/encapsulated in situ on the grid before viewing by transmission electron microscopy (TEM).
RELATED INFORMATION
Ultrastructural Immunochemistry (Skepper and Powell 2008a ) describes methods and considerations for the use of immunogold staining, including fixation, controls, resolution, and quantification. The following protocols provide detailed procedures for immunogold staining of various sections for TEM: (Skepper and Powell 2008b) Immunogold Staining of London Resin (LR) White Sections for Transmission Electron Microscopy (TEM) (Skepper and Powell 2008c) Immunogold Staining Following Freeze Substitution and Low Temperature Embedding after Chemical Fixation or after Cryoimmobilization for Transmission Electron Microscopy (TEM) (Skepper and Powell 2008d) For more comprehensive descriptions of the range of techniques available, see Griffiths et al. (1993) and Skepper (2000) .
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METHOD Tissue Preparation and Sectioning
If it is possible to use strong fixation during tissue preparation (4%-8% formaldehyde for 2-4 h), the preservation of cell membranes is excellent (Liou et al. 1996 ) (see Fig. 1 ). and fix in 2% formaldehyde for 2 h.
Small pieces of fixed tissue can be trimmed to 0.5 mm in one dimension.
5.
Trim to 0.5-mm 3 cubes and incubate in 1.9 M sucrose and 10% PVP-10 overnight at 4°C.
6. Freeze the cubes onto sectioning pins in liquid nitrogen. Transfer to the frozen cryosection module (ultramicrotome with a cryochamber) at a temperature of between -90°C and -130°C and cut thin sections of 90-140 nm.
See Troubleshooting.
7.
Maneuver the sections away from the cutting edge of the knife with an eyelash. Place a drop of a 50:50 mixture of 2.3 M sucrose and 2% methylcellulose in a 1-mm diameter copper loop and retrieve the sections from the frozen cryosection module. Allow the sucrose to thaw at room temperature and touch the sections onto the Formvar surface of a nickel/Formvar grid.
The droplet of retrieval fluid should be moved rapidly toward the sections, which will jump toward it and "disappear." The sucrose must remain liquid while the sections are retrieved or they will not fully decompress, so speed is critical.
Tissue Staining
Immunogold staining is carried out essentially the same as for resin sections with several modifications. The absence of an embedding medium means that many primary antibodies will bind strongly after 0.5-2 h exposure, so it is often convenient to use more dilute primary antibody solutions and stain immunochemically overnight. This conserves antibodies and tends to produce less nonspecific background staining.
Transfer sections to drops of PBSG.
9. Incubate sections on drops of optimally diluted primary antibody in PBSG at room temperature overnight.
10.
Rinse sections on ten 100-µL drops of 1X PBS, dispensed with a micropipettor, for 2 min on each drop.
11.
Incubate sections on drops of optimally diluted species-specific secondary antibodies in PBSG (conjugated to 10-or 15-nm gold particles) at room temperature for 2 h.
12.
Rinse sections on ten 100-µL drops of 1X PBS for 2 min on each drop.
13.
Rinse briefly in H 2 O and incubate sections on drops of 2% methylcellulose and 3% aqueous uranyl acetate in ratios varying from 9:1 to 5:1, until the desired contrast is achieved. Blot away excess stain using hardened filter paper and air-dry sections before viewing at 80 kV in a transmission electron microscope.
See Discussion.
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[Step 6]
Solution: In tissues with voids such as blood vessels, the sucrose tends to crumble rather than section.
This effect is particularly noticeable in fragile embryos. It can be prevented by filling the lumen of blood vessels with gelatin (Russell et al. 1998) or by infiltration of embryos with polyacrylamide gel (Tokuyasu 1983) .
DISCUSSION
This technique for immunogold staining of lightly fixed, unembedded tissue is frequently referred to as the Tokuyasu technique (Tokuyasu 1973; 1983; 1986; 1989) after its pioneer. It is one of the few methods that is consistently used for immunochemical staining of sparse and labile membrane-bound proteins such as receptor molecules, and has been used to great advantage in the study of receptor internalization and endocytosis (Liou et al. 1997; Klumperman et al. 1998) . Small cubes of fixed tissue (<0.25 mm 3 ) impregnated with either 2.3 M sucrose (Tokuyasu 1986 ) or a mixture of 1.9-2.1 M sucrose and 10% PVP as described here, to act as cryoprotectants (Tokuyasu 1989) , are mounted on pins and frozen in liquid nitrogen. The high concentrations of cryoprotectant make rapid freezing unnecessary. Frozen sections can be retrieved on a drop of cold 2.3 M sucrose, a mixture of sucrose and PVP, or more recently introduced alternative retrieval fluids, e.g., a 50:50 mixture of 2% methylcellulose and 2.3 M sucrose (described here), or 1.5%-2% methylcellulose and 0.3%-3% uranyl acetate. Because the tissue has been fixed and sectioned directly after cryoprotection, residual reactive aldehyde groups may remain in the sections. These can be quenched by exposure to 0.1%-1% (w/v) lysine or glycine in phosphate-or Tris-buffered saline for 10 min.
After immunochemical staining, the sections are contrast counterstained and encapsulated in a matrix to prevent gross collapse of the sections caused by surface tension effects during subsequent air-drying. The most commonly used stain is uranyl acetate, which produces a negative contrast. Many variations and alternatives to uranyl acetate have been proposed, and are discussed in detail by Griffiths et al. (1993) . Sections prepared as described in this protocol are stable for a considerable time. The thickness of the section and that of the final embedding layer influence the contrast in the transmission electron microscope. The thinnest, flattest sections produced with diamond knives produce the best contrast between the section and antibodies conjugated to small colloidal gold particles (5-20 nm) (Peters et al. 2003 
